ABSTRACT
INTRODUCTION
Ramp meters in the Minneapolis-St. Paul Metro area, deployed at nearly every freeway entrance ramp, have been criticized for creating unnecessary delays. In Spring 2000, the Minnesota Legislature passed a bill requiring the Minnesota Department of Transportation to study the effectiveness of ramp meters in the Twin Cities region. That study involved shutting off the ramp meters for a 2-month period. The shut down, a widely publicized and heavily monitored event, significantly disturbed travel speeds and traffic flows. This research investigates whether, and how quickly, traffic returns to an equilibrium after a major shock such as removing ramp meter controls. The research objectives are as follows:
1. Define traffic equilibrium conditions for traffic flow 2. Develop a methodology to estimate network flow equilibration. 3. Apply the methodology to determine from the empirical data how soon equilibrium is re-established once it is disturbed.
This fundamental research will help us understand short-term traffic responses to significant changes in capacity such as road construction or new traffic control policies, and thereby assess their effects. In particular, it is important to know whether and how quickly equilibrium is restored to determine how long traffic studies such as this one need to be carried out. For instance, if a new equilibrium is established in one week, the ramp meter experiment could have been much shorter; on the other hand, if a new equilibrium takes longer than eight weeks, the experiment was too short.
DATA
The traffic data in this study is northbound highway US 169, a limited access highway with ramp control, which runs from I-494 in the south (the southern beltway in the Twin Cities) to I-94 in north (the northern beltway). The approximate length is about 13 miles and the posted speed limit is 55 mph. The data for this study has been provided by Mn/DOT's Traffic Management Center as part of their routine data collection. In addition, pre-and post-shut down data, and data from a year previous was also provided to estimate the model. The raw data consists of freeway volumes and occupancies, and ramp arrival and departure volumes in 5-minute intervals. 
THEORY
There are a number of possible ways to define traffic equilibrium. Economists talk of the intersection of the supply and demand curves (Figure 2) . A shock to the system can be modeled as a reduction (or increase) in capacity, moving the supply curve upward (downward). However, in practice, people do not know where the new supply curve is instantaneously, so some tatonnement process is required. Wardrop's principle of user equilibrium states that no user of the network can reduce his/her travel time (or cost) by unilaterally changing his/her route. However, in real data there is always variability for a variety of reasons: imperfect information, new travelers and different trip patterns (more or fewer trips, closer or farther destinations, different times of day, mode shifts, etc.) changing the information from day-to-day, miscalculation, etc. Thus we are not expecting to find a perfect equilibrium, rather a small variability in the data from day-today. In many respects, such a definition must be relative. In particular, it is important to know how much day-to-day or week-to-week variability there was before the shock (the shut down). That range is crucial in defining an "equilibrium." Only then can we answer the question of how many days or weeks it takes for day-to-day or week-to-week variability after the shock to settle down to the pre-shutdown range.
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MODEL
Following the economists logic, we posit that the flow on a section (by time of day, day of week) can be thought of as a function of supply and demand. To trace the equilibration process we must include both supply and demand factors. There is an underlying demand curve and two supply curves we need to consider. The network gives the supply curves; the first supply curve represents the period with ramp control and the second without ramp control. Demand is manifested by actual traffic flow, but is reduced by higher travel times (lower travel speeds). However, travelers choose trips, which comprise bundles of sections, so the price on a single section may have little effect on the demand for trips. Therefore, we include the speed on the immediately upstream and downstream sections as well as an indicator of overall network effects. The underlying preference for travel also depends on time-of-day, day-of-week, and seasonal factors. Change in flow is derivable from our expression estimating total flow directly. The full model can be represented as below. 
This paper examines a simpler, reduced form model [authors' note, later drafts will include more complex model forms and estimates of supply curves as well].
We posit that if traffic comes to equilibrium, the effect of time elapsing should be diminishing (i.e. the strongest effects should be in the first week), and the coefficient on n (the number of weeks since the beginning of the period) should be negative in a linear model. This methodology controls as well as possible for seasonal effects by subtracting out the week-to-week changes from the previous year for comparable weeks. Thus as traffic typically drops in November and December due to the holidays, we don't want that to be embedded in the coefficient on n.
RESULTS
Figures 3 and 4 represent the absolute change in volumes for 5 min interval for two cases. The first case examines the traffic flows on Tuesdays in the 8 weeks before shutdown, and the comparable 8 weeks in the previous year. The second case examines traffic flows on Tuesdays during the shutdown and the 8 weeks comparable to the shutdown in the previous year. It is evident from Figure 3 that the week-to-week change in volume remains steady during the 8 weeks before the shutdown when ramp meters were operating. Table 1 shows that the absolute change in 5-minute volumes is not significantly related to the number of weeks since the first observation in the preshutdown period. However, Figure 4 shows that the week-to-week change is larger during the ramp meter experiment during 2000. This is detailed in Table 2 , which illustrates the three models, and shows a positive coefficient on weeks since shutdown. This suggests that instead of traffic seeking equilibrium, it is in fact fleeing one.
Comparing Figures 3 and 4 shows the absolute week-to-week change in 5-minute volumes is generally greater without ramp meters then for the pre-shutdown case.
This result has a number of consequences, and raises many questions. First, it calls into question the data or the methodology, as strongly held traffic theory suggests that people more or less seek equilibrium. Were there other events (weather, holidays, etc.) that would affect the result in this way? Our examination of the weather logs suggests not. There was more rain and snow in fall 2000 during the experiment than the previous year (or the previous 8 weeks), however it was still minor for the winter-adapted Minnesotans, and should have little effect on AM freeway traffic, largely commutes and work-related trips. Especially since the trend is pronounced, examination of other days may resolve this question.
A second possibility is that 8 weeks is insufficient to fully account for short-term shifts. A longer experiment may have eventually reached equilibrium. Perhaps people were simply still adjusting to determine the best departure time within a larger peak period window. Since we were examining 5-minute volumes, short-term adjustments would result in an exaggerated switch in volumes compared with that same switch aggregated to a one-hour period. Examination of a larger more aggregate time period (1 hour) may resolve this possibility.
We also looked at individual stations for other time periods and concluded that there is a larger variation before and after the shutdown in the PM peak period. The variation is small at the start of PM peak period but as the time progresses; the variation increases and is at the maximum between 5:00 and 6:00 PM.
CONCLUSIONS
We find from our results that traffic does not reach a tight equilibrium in 8 weeks. In fact week-to-week changes are increasing rather than decreasing. A looser definition, considering a longer time slice (e.g. 1 hour instead of 5 minutes) may find that a rougher 
